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ABSTRACT - - \g

Based on the Hanford }gport of the peroxide precipitation, a study
hes been made of the conditions wﬁich give the best results when hydrogen per-
oxide is used as a roagent for racovery. It hes been shown that in nearly all
respects the conditions given in the Han'ord report are optimum, It has been
shown that peroxide precipitations scan be made from pure plutonium solutions
and from sclutions containing large smounts of other elements. The amount of
plutonium left in the supernatant, rogerdless of impu:.'ities present, 1a usually
iess than 10 o/o0 of the amount originally p;'esent° Experiments have been shown
that, under the conditions used for plutonium peroxide precipitation, uraniunm
is the only other element which will precipitate., It has been further shown that
separation can be achieved, even from this element, if the amount is of the order
iz 5 to 10 ofo or less, Parification faotors have beon datermined for & series of

PP R =5 > R SRR AR SRR R R
alements ba:ed on single preeipitatlons Qs wel as od maltipls pergiide pren'

cipitations, These factors rangs from epproximately 50 to spproximately 26,000,
It has been shown that precipitstes can be brought down from tri-and hexe-velent

plutonium solutions which are identical to those brought down from tetra-valent

plutonium solutions,
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Experisence has indicated that decomposition of Hzoz by aertain elements is &

minor factor if ths temperature is kept as low as possible. A mothod has bevn
given for dissolving plutonium peroxide in large amounts. This method oversomes
the ususl fomming diffioulties emocountered in dissolving the peroxide, The pos-
sibility of using the peroxide precipitation as & purification method is dis-

cussed. Questions are posed which must be answered before this possibility can be

acoepted or rejected,
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HYDROGEN PEROXIDE AS A REAGENT IN PLOUTONIUM RECdYERY
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Introduction

Since the inception of the "Plutonium Recovery Group® in the early pert
of 1944, it has been necegsery to develop many chemical methods for the separation
of impurity elements from plutonium .These. impurity elements have been such as %o
almost completely cover the range of the pericdic system, and hence the method of
separation used in eny individual case was determined by the particular element or
elements present as impurities, and also by the amounts of these elements present,
The general methods which have been developed and used by the recovsry group were
baged on the following chemical characteristics of plutoniums inability to form
emmonio-oomplexes, non-amphoteric nature of the tetravalent hydroxide, high sol-
ubil;ty of the hexavalent nitrate in ether, and low solubility of certain compounds
in slightly acid solutions. In essentially ell cases the impurity element(s) had
one or more properties diffsring from these.

it is not the purpose of this report to discuss all the methods whioh
heve been used by the rescovery group, (this hes been done in other reports.®) but
rather to give a detailed desoription of the experimental work oarried out on the
use of hydrogen peroxide as a reagent for recovery of plutoniwm from veriocus so0le
utions containing impurity elements, and to give the result obtained thereby,

When the amount of material passing through the roecovery group began to
become quite large., and when such impurity elements as cerium, lenthamwm, thorium
and gziroonium began to be present as impurities in ever increasing smounts, it be-
came &ppargnt that the standard methods whioh had béen developed, and succesafully
used up to that time, would not e adequate for [urther work on & large scale., BRe-
ports on the Hsnford procesdﬁfindicated that the precipitation of the peroxide of

== aatisfectory separation from such elements as lanthanun.
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This proocess was used a&s & basis for further experimentation,

Experimental

1. Test of Hsnford Conditions

Acoo;@ing to the report of the Hanford Process, the best precipitation

of plutonium peroxide is achieved when the solution is made up as followss

0,035 M in‘plutonium

1,0 M in nitric aold

0.1 ¥ sulfuric acid
To thie solution is added enough 30 o/o Hp0s to completely precipitate the plutonium
and to give an excess equivalent to 10 o/b of the totel volume of the solutioa. The
Ho0p is added very slowly while the solution is belng vigorously stirred. ‘The tom-
perature of the solution during the addition of the H20z is hold between 15° and 20° ¢,
%hen the Hp0p has been added, the temperature is reduced to 4% C and the mixture is helt
&t this tempmature without agitation for 9 to 10 hours., The supernstant way then
be removed by decentation.

In order to test the coriticality of the Hanford conditions, a series of

experiments was oarried out in whioh the above mentioned conditious were systemat-

ioally varied,

1. Nitric scid concentration

It was found that the nitric acid concentration is rather oritiosl., If
the molarity is much higher than one the solubility of the plutonium peroxide is
too high. If it is much lower than one, hydrolyeis of the plutonium ion tskes plece
and & precipitate of inferior characteristlces is formed. It was also subsequontly
found that tha soid concentration should be as high as possible to prevent other
impurity elements from precipitating along with the plutonium.

2. Sulfuric acid concentration

Since it was known that the peroxide precipitate brought down from &

solution containing sulfete ion always csrried as much as twenty ppr,ent sulfate,
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to oarry out the presoipitation without the addition of sulfuric aoid. The pro-
oipitate formed in the absence of sulfate ion was non-orystalline and therefore
unsuitable for é%o purpose of recovery. In view of this, the sulfate concentrat-
ion for all further work was set at the value rescommended by Hanford.

3., Plutonium concentration

For general operations in the recovery of plutonium it is often in-
possible to fix the concentration of the plutonium at & value near that used by
Hanford. For this reeson & series of experiments was carried out using the Han-
ford acid concentrations, but verying the plutonium concentration over u wide range.
The results of these experiments indicated that the plutoniub concentration 13 not
too oritical, However, two fectors must be balanced: precipitetion from con-
centrated plutonium solutions will give a emaller total loss in the supernestent,
but precipitation from @ more dilute sclution will give e befter separation of
impurities, The aotual concentrations used in the recovery operations have been
dependent on the amount of impurity present in any given solution,

4, Rate of addition of Hgop and settling time after precipitation

The nsature of the precipitate formed by rapid addition of the Hp0p
was such as to make rapid and complete settling impossible., For this remson the
stochiometric amount of H,0, was added very slowly. The rate of sddition of the
oxcess was found to be unimportant.

The nine-hour settling period suggested by the Banford report is un-
necessary if the supernatant is to be separated from the preocipitate by elther
filtration or centrifuguetion. However, if the supernatant is to be removed by
decantation, the long settling period is necessary.

5, EBEffect of tempermture during and after precipitation

it is possible to carry out the precipitation at a higher temparature

than that used at Hanford, but the solution must be ccoled to approximately 5°¢

ammm—yUNCLASS5 5D
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during the settling period. With one exception, which will be disoussed later, it

is best to carry out the precipitation at & temperature of 16° to 20° C.

IT. Percent Reocovery Using the Peroxide Precipitation

Using the conditions found to be best by the previously menticned
experiments, a series of precipitetions was made using pure plutonium nitrate
solution, and the amount of plutonium in the supermatent was determined by

radiowussay. The result of these experiments are given in Table I.
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TABLE I

Porcent Recovery « No Impurities Present

Pu Used
milligrams

6015
7881
4250
5406

1850

Plutoniuwn in

Percent Pu in

Supernatant Precipitate
milligrams
40 99.4 o/o
61 99.2 o/o
89 97.9 o/fo
197 96.4 o/o
a7 97.6 o/b
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The same procedure vas used on & series of plutonium solutlions containing

various amounts of impurity elements, The results are given in Table II,

TABLE 1I

Peroentage Recovery - Impurities Fresent

Pu Used Plutonium Percent Pu Tapurity
mg in ‘upernatent - 1in Precipitete Freosent
ng
27 1.7 93.7 ofo Ce Approx.
20 grams
1013 7.0 99.3 o/o W Alloy
3 o/o
966 27,0 97.2 o/o Is 3 ofo
Ce 3 /o
W3 o/o
438 4,0 99,1 o/o Au 3 ofo
Ag 3 o/o
Ca 3 ofo
Fe Approx,
1.6 g
168 22,3 87,0 o/ Fe 50 o/o
1018 29,1 97.2 o/o Unknown
1300 6,0 99.5 o/o ¥g 3 o/o
Fe 3 o/o
3024 88,6 97.1 o/o 3 gms, Th
3017 92,68 97.0 o/o 6 gms. 2r,
200 18,0 91.0 o/o 40 gus.
5000 66,4 98.9 o/o Unknown
3012 207.0 9.1 o/o nknown
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111, Precipitation of Other "lements by géﬁi?ﬁiﬁE?f%h;tc Used for

Plutonium

In order to determine the possibility of precipitation of other
elements, whioh oould conceivatly be present as %apurities in solutiom for
recovery, the following series of experiments was carried out. A separate sol-
ution was made up for each element to be tested. The concentration of the elemsnt
vas fixed at 0,035 M, the INOz oconcentr:tion at 1.0 ¥ and the HpSO4 ooncentration
at 0,1 M, Hydrogen peroxide was then added to each of these sgolutions under the
same conditi;ns of temperaturs, szitation, ote.,, as was used in the ocese of the
plutonium solutions. There was no precipitate formed with the following eloments:
Ag, T1l, Ca, Pb, Zu, Cd, Cu, Ni, Co, Ce, Fe, As, Sb, Bi, 2r, Th, and Se, Uranium
precipitated as & yollow peroxide under the above conditions. Vanadium oaused
moderate decomposition of the peroxide, but no precipitete was formed.

IV, BEffectiveness of Peroxide Prelpitation in Separatin. impurities from
Plutonium ' -

The experiments just desoribed show that the majority of the possible
impurity elementa will not be precipitated under conditions which allow plutonium
to precipitate., However, they did not prove that sbsorption or co=precipitation would
pot cause large amounts of impurity elements to follow the plutonium when it was
precipitated. Nor did they prove that impurity elemeunts would not prevent pre-
cipitation of plutonium, Ths following oxperiments were carrisd out in order to
angwer these questions,

1. To a solution of plutonium nitrate conteinin; deteotable amounts of only kg
and Ca (by "copper spark" spectrographioc method) was added 5 a/o (by welight)
of each of the following elements: 8a, Zr, Cd, Ce, As, Bi, Ni, T1, Sb, Fe, Th,
Mg, Ca, and U, The solution thus prepared contained fourteen impubity elements
smounting to 70 o/o of the weight of the plutonium present. The concentration
was adjusted and the pluABRRGVpErdadRe Roll pOrdfpikdsid in the usual manner, The



APPROVED FOR PUBLI C RELEASE

dissolved in nitrioc acid, and an aliquot analysed by the "copper spark" apectrographic
method. Of the fourtsen impurity elements originally preseat only Ce and Mg weres de-
tected. All other elements were present in amounts below the detection lavel of the
analytical method used. In all cases this limit was below 0.6 o/o by weight, Table

II1 shows the purification faotor™ for Mgz and Ca.

TABLE I1I
Eloment Amount with Pu before Arount with Pu After
precipitation ppm preociplitation ppm
!
Ca 300§000 { 320
Mg 56,000 < 160

Thus, the best purification faoctor for the fourieen slements present was that of epprox-
imately 1000 for calcium and the poorest possible was th'-t of approximately 8 fof zir~
conium,

, The result of the previously described experiment proved tw't the “copper spark" spectrc
graphic technique was too insensitive to be used in determining the various purification
factors with any degree of accurasy, For this reason & ssoond solution was prepared con -
taining pure plutonium nitrste to which has been added & 0/6 by wgight of each of
thirtcen elements, The peroxide was precipitated in the usual manner, centrifuged,

vashed onoe with oold 1M HNO; and dissolved in comcentrated HNOz. The solution thus
obtained was divided into «liquots and snalysed by the best evailable mett,od for the

thirteen impurity elements. The results ere shown in Table 1V.

TABLE 1V

All Rlements Present to Extent of 50,000 ppm before Precipitation

Bloment Remainlng after Elemesnt Remaining after Precipitation
Precipitation - P
ppa :
Be 4.5 , Cd 136.0
g 43,0 Sn 68.0
ér)fbrification faotor = conc. baefors pptn.,/'conco after pptn. C e

APPROVED FOR PUBLT C—RELCEASE — e
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l3w
Ca 140,0 Ce *%f‘jf%o
==
Cr 45,0 “Th ~ 1000,0
¥n 1400,0 U 100.0
Co N, D, < 23,0 : Zr —~ 2000,0

Ni 41,0

1t can be seen that purification factors rangs from 10,000 (for Be) to approximately
25 (for 2r) = éhis in spite of the fact that the precipitato was washed only once.

The result of the two previous experiments, in which only ome peroxide precipitation
was carried out, raised the question as to the effectiveness of further peroxids pre-
cipitations, In order to answe this question a solution was prepared containing 6
grams of plutonium as ths tetravalent pitrate and 0.5 grams of each of the following
slements: Al, Cr, Mn, Wi, and Ca, The goid and plutonium concentrations were adjusted

and the peroxide was precipitated, The precipitate was washed once with colc 1

HNO3, and dissolved in HNO3, A sample of the solution thus obtained was taken for
enalysis. The acid and plutonium concentrations »f the remsinder of the solution were
adjusted, and again the peroxide was precipitsted. The above disoribed weshing dis-
solving, sampling and precipiteting was then repeated until the peroxide had beon pre-
cipiteted @ total of threes times., The analytical samples taken after sach precipitation
were used for the best available methods for the five elements in gquestion. The re-
sults of this series of experiments ere given in Table V,

fable V

All Elements Presont to Bxtent of 100,000 ppm before Precipitation

Blements Aftor Preoipitation No.l After Precipitstion No.2 After No.3
ppm ppm ppo
Al 30 2 3
Ca 445 156 48
Cr 148 168 L2
¥n 148 ’ 2
<8

Ni 148
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Ce. ©o approximately 60,000 for Cr snd Mn after three procipitations.

V. Praecipitetion of Plutonium Peroxide from Solutions in Which Flutonium 1s Present
in Tri-and Hexa-Vaient Statos

1, In many oases it is advisatls to dissolve the plutonium oontaining substance
in HC1 rather than in HNOz, ?his is egpecially true in czse of the metal and alloys
which do not dissolve readilyéin HNOp, and in the cage of certain sulfide crucibles
vontaining plutonium. In the lattor caze the sulfur liberated when these crucibles
are dissolved 1n HNO3 makes further treatnent dif;iéulto Many experiments have heen
carried out in which metal, of alloy, was disaolvedfin HCl to give the purplish-blue
trivalent ohloride solution, éTho oconcentration of %eid and plutonium im this solution
wag then adjusted to the prop%m'vnlue and anz addeé in the normal way., The first
precipitate whioh forms is bluish in oolor, but aft?r an excaess H202 has been added,
the color graduslly shanges to Eho normul green, T o amount of plutonium remaining

i

in the supernstant is essentd?lly the sams as in thdt from a normal peroxide pre-

gipitation, é

?

In soveral ceses %arium sulfide oruciblel weighing 50 to 100 grams and

containing as little as as:mé of plutonium were disjolved im HC1 and peroxided (after
boiling off Hz8,) In these g ses the amount of plulonium in the precipitate was gen-
arelly better than 90 o/o while there was essent’:. ?y no cerium (approximately 200 ppm)
in the precipitute., This isgthe only satlisfactory ;ethad that has been found for sep=-
1 )

araticn of small amounts of ;lutonium from large a:}nnta of cerium. Tho superratants
from this precipitation still contain somo plutoniiu, and no feasable method has boen
devised for its separstion frhjom the large amounts é" cerium present,

2o It has been found that péroxide precipitation &n be'made to take place from sol.

utions of the hexavalent niigate provided cortain godifiocations of procedure are used,

Eec/G5C and the mixture is held

beon added, the tcmporaturgp%_qqg@y:@:@mLp@ 0%
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at this temperature for several hours. By following this proocedure the.;;EEVuient
plutonium is reduced and & precipitation is realized which is similar in every
respect to that from tetravalent solution.

VI. Decomposition of HoOp by Impurities

Muoh has beon written stout the tendemoy of certain elements, such as
iron, to cause decomposition of Hy0p. 'his could greatly decreese the value of the
.peroxide procipitate, However, experience has shown that if the solutions are kept
cool (around 0°C) this decomposition effeot is so small as to cause no trouble,

ViI, Dissolving Plutonium Peroxide

The dissolution of plutonium peroxide is a process which must be carried
out very carefully if any appreciable amounts ere to be put into solution at one time,
The peroxide is completely soluble im HNO. of & concentration bstween 6
and 16 norml. However, cold 16N HNO; will not immediately begin to dissolve &
perozide cake, but oncs the mixture has beoome heated, the reaction of solution
becomes very rapid and vigorous. lLarge amounts of gas are evolved during the dis-
gsolving process, &nd the solution fosms badly, The follo&ing procedure is recommended
for dissolving peroxide cakess
1. Have cake in & very large vessel, preferably one which isg congected to a reflux
condaenser,
2, Cool vessel and cake wall below 20°C in an ice bath, and add the amount of 16N
HNO3; nscessary to dissolve the peroxide. This addition should b; carried out very
slowly o The mixture should be stirred,
3, Allow the vessel and its contents to be brought to a temperature of no more than
40°C, This temperature incresse should teke place‘ggéx slowly and provision should be
nede for immediate cooling of the vessel if wvizorous foaming begins.
4, Hold at this temperature until solution is complete. The green peroxide will at
first secm almost unchanged, but gradually s purple solution will be seen sbove the

precipitate, Thers is a slizht evolution of zas during this stags of the operation,

eroreorerdTT
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As the temperature increases a point is resched at which the blue solution -euddadnly

turns brown and brown fumes (NOp) are liberated, At this point the entire solution
fosms up several times, each time wi’: deoreasing intensity., When foaming ceases the

poroxide is completely dissolved,
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CONCLUSIOR AND DISCUSSIOHN

The evidence gathered during the course of this investigatlon indicates
that hydrogen peroxide is a superior reagent for use in the recovery of plutonium. The
preoipitat.on of plutonium peroxide hae been showa to be one of the best, if not the
best, methods available for the recovery of plutonium from almoat all impurity elements.
Under the conditions given herein, the precipitation of the peroxide is almost e specific
reaotion for plutonium - of all of the elements tested, uranium zalone gave a precipitate
uhdar similar oconditions, and even in the omse of uranium, very good seperations wers
reclized when thet element was present to the exteut of no more than § to.l0 o/oo

Aside from the feot that excellent separstion is realized by the use of
hydrogen peroxide, the method has the added advantage that no salts have been sdded
during the process, and hence the su.ernatants from the precipitation is in a much mora
workable form then those obtalimned from other methods of recovery, RNaturally there is
& limit to how far the concentration of plutonium can be reduced in & peroxided super- -~
retant because of the btulld-up of impurities im this solution. Thls, however, is true
in all mothods of recovery, and the peroxide method offers less difficulty from thgi than
eny other methed,

Preliminery experiments would seem to indicate that a series of peroxide
precipitations might be used as a purification method., However, experimenial date
are much too meager at this time to give more than & hint as to the possibilitles of
this method, Before any definite conclusions cen be drawn the following questions
must be ensweraeds .
1. What purity limits oan be reached by repested precipitetions’
2, How many precipitations are neoessaryz
*  How do purity limits ocompare with those obtained by other purification methodsﬁ

L]

-~ =< tnose.of other methods, are they sufiioiently
APPROVED FOR PUBLI C RELCEASE .-
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5, Will the presence of the inevitable sulfate ioﬁ-in&ar%ora:w:cﬁ %hbsoquent

il

production s’.ops’.

6, Can the peroxida be converted direotly to a form suitable for reduction in a

menper similar to the oxalato3

7. 1s matal made {rom peroxide purified plutonium staisfactory for weapon production

Py
and other use‘

8, Can the process be ongineered’.

Row™ Adshy .
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